Aims: To analyze the effect of behavioral contagion regarding problematic adolescent alcohol use among countries with varying prevalence of problematic drinking. Methods: Nested data from 48,215 12 to 16-year olds from seventh to ninth grade of 25 European countries (48.5% male, M = 13.83 years) were studied using hierarchical general linear modeling sequences. Finally, an intercept-as-outcome model was built to test the main hypothesis. Results: Multilevel analyses validated the significant effects of the individual risk factors of being older (OR = 2.02), being male (OR = 1.41) and being native born (OR = 1.32) on becoming a problematic alcohol user. Regarding the aggregated country-level predictor 'proportion of problematic alcohol users', the effect of behavioral contagion was also confirmed (OR = 1.05).
INTRODUCTION
High frequency and intensity of alcohol use during adolescence increase the probability of later substance use problems (DeWit et al., 2000) as well as various health or social problems (Spoth et al., 2008; Norberg et al., 2009) . Alcohol misuse prevention for adolescents is thus a topic of major public interest. The European Union is known to have the world's highest adult alcohol use rates (Moller and Anderson, 2012; Rehm et al., 2015) and adolescent alcohol use has also been identified as a serious problem (Hibell et al., 2012; de Bruijn et al., 2016) .
Many efforts for establishing cross-national agreements and guidelines regarding alcohol regulation (e.g. for parents) have already been made (Lubman et al., 2007; Rehm and Greenfield, 2008; Rehm and Patra, 2012; Room et al., 2008) . However, adolescent alcohol use still varies considerably across as well as within European countries. The 'European School Survey Project on Alcohol and other Drugs' (ESPAD; Kraus et al., 2016) points to the widespread alcohol use habits of 15-to 16-year olds from 35 European countries and the 'Health Behavior in School-aged Children Study' (HBSC; Currie et al., 2012) , focusing on European and North American adolescents aged 11-15 years, showed that the prevalence rates of alcohol misuse (at least two incidents of drunkenness) among 15-year olds vary considerably between countries and genders. Within the cross-national research project 'Alcohol abuse among Adolescents-Effective environmental strategies for Prevention' (AAA-prevent), it was also shown that 'heavy drinking' (five or more drinks on a single drinking occasion) of beer, wine or breezers varied markedly in a sample of 57,771 seventh-to ninthgraders from 25 European countries (Soellner et al., 2014) .
To date, many studies have focused on the idea that differences between drinking cultures can explain the differences in alcohol use within Europe (Room, 2007) . Within this research approach it is assumed that social norms are an important influencing factor in explaining why people behave the way they do, for example, by establishing a 'drinking etiquette' within a peer group (Percy et al., 2011) .
Social norms are shared values of a specific group; they set standards of proper behavior and include options for social sanctioning of abnormal behavior (Assael, 1998; Perkins, 2002) . Thus, social norms of a 'drinking culture' set the framework that promote or prevent adolescent alcohol use. The effect of drinking norms such as the acceptability of being drunk in public places as well as having a drink with meals have been discussed elsewhere (Room and Mäkelä, 2000) . As a consequence, differences in 'drinking cultures' between countries might explain differences in the alcohol use behavior of adolescents from these countries. A wide collection of classifications of drinking cultures has been proposed that is primarily based on theoretical assumptions (Room, 2007) . These 'drinking cultures' are also used to explain other problem behavior, for example, delinquency (Felson et al., 2011; Gatti et al., 2015) .
Even though these former attempts to classify different 'drinking cultures' have been widely accepted, most of them are problematic because they are strictly based on theory and not derived empirically (Iontchev, 1998) . To the best of our knowledge, to date only one approach has focused on deriving different 'drinking cultures' by analyzing adolescent alcohol use 'behavior' empirically (Bräker and Soellner, 2016) . Based on empirically defined 'drinking patterns' , prevalence rates of certain drinking types per country can be used as indicators of a country's social norms regarding drinking. The spread of a behavior (its prevalence) may thus be used as an indicator of a 'norm', that is, how common this behavior is. Consequently, when a certain behavior within a social group is highly prevalent, the individual risk to engage in this behavior should increase, because it is the most salient behavioral alternative. Hence, if social norms are understood as the 'typical behavior' within a social group, they can be operationalized by the behavior's prevalence in the group. Doing so, it is assumed that a behavior can spread almost like an infectious disease. But, unlike infectious diseases, individual behavior is initiated by psychological processes like motivation, outcome expectations or motivation to comply. Nevertheless following Blalock (1984) , the distribution of the behavior within a social group affects individual behavior in addition to the individual's perception of this distribution. With this study we test the mere effect of behavioral contagion without stressing the mediating psychological processes.
Until now, mainly sociologists have studied this effect of contagion, for example, regarding delinquent behavior (Damm and Dustmann, 2014) . Within these studies it is assumed that the prevalence of a risk behavior reflects the normative beliefs in a group. This approach is in line with the 'collectivity of drinking cultures' theory which Skog introduced in 1985, that has two main strands: first, individual drinking behavior is multifactorially influenced by biological, psychological and environmental factors; secondly, society has an indirect as well as a direct influence on drinking behavior. According to the collectivity of drinking cultures theory, the average drinking behavior of people of one culture consequently tends to move up and down in concert because of this 'interdependence' (Skog, 1985; Gmel and Rehm, 2000) . This effect is described as 'social contagion' of alcohol use (Skog, 2001 ) and the first steps have been made to analyze it empirically (Brunborg et al., 2014; Raninen et al., 2014) . In addition, Skog completed his theory later by allowing different changes or trends in different sociodemographic groups (Skog, 2001; Romelsjö, 2010) . Therefore, social norms can be valid for small social groups, for example, an adolescent's peer group or school class, but also for larger groups, such as whole school communities, neighborhoods or countries.
While the collectivity of drinking cultures theory has been discussed theoretically, it was concluded that it is not possible to test the theory empirically, for example, because the theory is not specific enough to derivate concrete hypotheses (Gmel and Rehm, 2000) . Furthermore, analyzing the effect of social norms in terms of prevalence rates of problem behaviors on alcohol use has not been addressed in the literature to date (Helmer et al., 2014; McAlaney et al., 2015) . This may be because the different levels of influence (individual perception, prevalence rates of groups, etc.) are difficult to assess mutually. However, prevention interventions that are based on the social norms approach use feedback about prevalence rates to sensitize adolescents to the real consumption habits of their peers, which they normally overestimate (Perkins, 2002; Gual et al., 2017) .
With multilevel analysis, the impact of structural factors of the group level on individual behavior has become popular in social science. In addition to individual level predictors, group level predictors can be included as structural variables to explain individual behavior as well.
According to Susser (1994) and Diez-Roux (1998) , in multilevel models, three kinds of higher-level predictors should be differentiated to compare their impact on individual behavior correctly. Doing so, 'composition' (the composition of individuals and their specific characteristics within a group determine the effect) or 'context effects' (surrounding factors determine the effect) can be differentiated. Next to 'derived variables' (aggregated individual-level data, i.e. predictive variables) and 'integral variables' (variables that are assumed to be useful as predictors according to former empirical results or theoretical assumptions), a category of 'contagion variables' can be differentiated that is the variable of interest, which is aggregated over the sampled individuals and can also be used as a predictive variable on a higher level. For example, the individual chance to suffer from alcohol use disorders (AUD) might depend on the prevalence of AUD within the sample. While Diez-Roux and Aiello (2005) showed these effects in a medical context regarding infectious diseases, such as sexually transmitted diseases (STD), via multilevel analysis, studying psychological phenomenon in this way is relatively new. However, psychological theories about the 'collectivity of drinking cultures' (Skog 1985 (Skog , 2001 or the 'social contagion effect' (Christakis and Fowler, 2013) offer the theoretical framework for studies that focus on the contagiousness of behavior and some authors have already started to analyze adolescent alcohol use behavior (Brunborg et al., 2014; Raninen et al., 2014) . But while Brunborg and colleagues compare indicators from the same level ('proportions of heavy drinkers' and 'mean consumption level'), our study focuses on predicting individual characteristics via aggregated information from a higher level.
By using prevalence rates as a measure of social norms, this study is able to quantitatively assess the impact of group-specific norms on individual behavior. Multilevel analysis serves as a statistical method to integrate the theoretical assumptions of the 'collectivity of drinking cultures' regarding adolescent alcohol use and Susser's (1994) idea of 'contagion variables' in the analysis of problematic adolescent alcohol use. Even though it is not yet clear if the collectivity of drinking cultures theory can be fully adapted to adolescents (Raninen et al., 2014) this will be tested here by aggregating adolescent alcohol use data on the country level and using this information to predict individual problematic use. Meanwhile, we assume that the collectivity of drinking cultures theory and the concept of behavioral contagion focus on the same processes, but from different points of view.
METHODS

Statistical analyses
Multilevel analysis was applied to test the effect of the prevalence of problematic drinking on country level on the individual risk to be a problematic drinker (Hox and Kreft, 1994; Kreft and de Leeuw, 1998; Hox, 2010; Snijders and Boskers, 1999) .
Within this study three levels are modeled. The alcohol use of adolescents and its association with well-known risk factors (level 1) can be explained by the characteristics of schools (i.e. prevalence rate of problematic alcohol use in schools; level 2) and/or countries (i.e. prevalence rate of problematic alcohol use in countries; level 3).
To test our hypotheses, the following modeling sequence will be applied: First, an 'empty model' will be estimated. The proportions of variance due to students belonging to different schools or countries can be calculated as two intraclass correlation coefficients. If these variance components are large enough (Hox, 2010) , a multilevel analysis is strongly recommended (Diez-Roux, 1998) . In addition, in the empty model, a baseline deviance is given to which the other models can be compared by Likelihood Ratio-tests (Hox, 2010) . Listwise deletion will be applied to keep the number of cases constant within the modeling sequence. Secondly, a 'random intercept model with control variables' is specified. In order to control for already known demographic risk factors for problematic alcohol use, 'age', 'male' and 'native born' are added uncentered as covariates in the second model (Hawkins et al., 1992; Barber et al., 1998) .
In the random intercept model the slopes for these variables are fixed to reflect the assumption that their impact on being a problematic alcohol user does not differ across different schools or different countries, i.e. to treat these factors as general risk factors that are not contextual.
If the average probability to be a problematic alcohol user on the individual level still varies significantly across the schools or countries (i.e. significant intercept variance), higher-level predictors may be added to explain the intercept variance in the next step (intercept-as-outcome model). In this study the 'proportion of problematic alcohol users per country' is centered around the grand-mean and included as an independent variable on the country level.
The analyses for this study are conducted with HLM 7. A Bernoulli distribution of the outcome variable is given because it is dichotomous (no or yes to being 'problematic alcohol user'). Thus, a log transformation of predicted probabilities of the binary outcome was done and Odds Ratios are reported as results. Doing so, the within group variance was estimated as 3.29 (Twisk, 2006) . Alternatively, the median odds ratio (MOR) is reported to illustrate the relevance of the higher level variables for understanding the individual propensity of being a problematic alcohol user (Larsen and Merlo, 2005; Ohlsson et al., 2005; Merlo et al., 2006) . Due to the non-linear modeling and the low prevalence of the outcome within the population of all adolescents, a full maximum likelihood estimation doing Laplace iteration with a maximum of 10 iterations was chosen. The maximum numbers of micro and macro iterations are set to 100 each and the mode of iteration acceleration 'first derivative Fisher' is chosen because of a high number of level 1-units in relation to level 2-units (Hox, 2010) .
Following Snijders and Bosker (1999) , the level 1-variance that is explained is the proportional reduction of the sum of the three variance parameters: variance between level-1 units, between level-2 units and between level-3 units (σ 2 , τ π and τ β ). But in the case of logistic multilevel analysis, model comparisons are even more complex than in linear analyses. Because of the binary outcome, the lowest level variance is always fixed at 3.29. Thus, a reduction of the residual variance is not possible. Otherwise, the other variance components change-they mostly increase but sometimes even decreasebecause the model increases in complexity due to successively including more effects. As a consequence, a model cannot be evaluated by estimating the increase in explained variance (i.e. decrease in residual variance). Instead, for each level the proportion of explained variance, relative to the total variance, is given. Additionally, the interval odds ratio (IOR), a fixed-effects measure for quantification of the effect of higher-level variables (country) is calculated. The IOR gives the 80% interval, which is likely to contain the Odds Ratio of two randomly chosen persons with the same set of covariates (Larsen and Merlo, 2005) .
Sample
As part of AAA-prevent, data from the Second International SelfReport Delinquency Study (ISRD-2) from 2006 (Junger-Tas et al., 2010) were reanalyzed with a focus on the alcohol use of European adolescents and its correlates. The ISRD-2 study was conducted in a total of 31 countries with a sample size of 67,883 adolescents ranging from 11 to 18 years of age and participation rates between 65% and 70% per country (Marshall and Enzmann, 2012) . Within the project AAA-prevent, data from 57,771 12 to 16-year olds (seventh grade 31.5%, eighth grade 35.7%, ninth grade 32.8%) from 25 European countries were studied, 23.7% of which were migrants and 50.5% were females (Soellner et al., 2014) . Data were originally sampled in a three step sampling procedure (classes, schools, cities). For a detailed description of the sampling procedure, see Enzmann et al. (2010) or Junger-Tas et al. (2010) . The sample is not representative on the country level regarding age because age distribution per grade differs between countries but the random city-based sampling of secondary schools may be seen as representative regarding grades. The present analysis was done with a subsample with information on all variables that are relevant on the individual, school and country level. For models to analyze fixed effects, a ratio of at least 30 higher level units with at least 30 lower level units each is advised (Kreft and de Leeuw, 1998) . The dataset was reduced to N = 48,215 (83.46%) by listwise deletion because a constant sample size is necessary for model comparison by deviance testing (Hox, 2010) .
The final sample consists of 24,852 female (51.5%) and 23,363 male (48.5%) adolescents with an average age of 13.83 years (SD = 1.06) from 25 countries (Armenia, Austria, Belgium, BosniaHerzegovina, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Iceland, Ireland, Italy, Lithuania, Netherlands, Norway, Poland, Portugal, Russia, Slovenia, Spain, Sweden and Switzerland). Regarding grades, 34.5% (n = 16,643) belong to grade 7, 33.9% (n = 16,337) to grade 8 and 31.6% (n = 15,235) of the students attend grade 9. While the majority of the sample (78.0%, n = 37,596) is native, 22.0% (n = 10,619) of adolescents have a migration background.
Measures
On the individual level, 'age', 'male' and 'native born' were included as covariates. The dependent variable 'problematic alcohol use' (no/ yes) was derived based on a previously conducted cluster analysis . Five distinct use patterns were identified using information about frequency of drinking occasions in the previous month and intake of alcoholic beverages on the last drinking occasion (both measures were assessed separately for 'beer, wine or breezers' and for 'spirits (gin, rum, vodka, whisky)'). Besides non-using adolescents, 'mild users', 'episodic users', 'frequent users', and 'heavy episodic users' were identified (Table 1) . For a further description, see Bräker and colleagues (2015) .
Based on this classification, two groups of alcohol users were built by summarizing non-and mild as 'non-problematic' versus episodic, frequent and heavy episodic users as 'problematic users'. On the individual level, non-problematic users (n = 40,951, 84.9%) consume no alcohol at all or, at the most, only one drink of beer, wine or breezers or spirits (rum, vodka, gin, whiskey) on the previous drinking occasion or once a month on average. Problematic alcohol users (n = 7264, 15.1%) can be described as 'binge drinkers' like Hibell and colleagues (2012) suggest by naming the limit of at least five alcoholic drinks consumed on a single drinking occasion as criteria for bingeing. These adolescents consume, on average, at least nine drinks of beer, wine or breezers (five drinks of spirits) on the previous drinking occasion and reported, on average, six and three drinking occasions in the previous month.
On the country level, the predictor 'proportion of problematic alcohol users' was assessed by the relative frequency of 'problematic alcohol use' per country (Table 2) . On average, 27.02% (SD = 9.34) of adolescents within each country were grouped as problematic users, with a range from a minimum of 6.5% problematic users in Armenia and a maximum of 46.3% in Denmark.
RESULTS
In Table 3 , the results of the multilevel modeling process are shown. The empty model results call for a multilevel analysis with medium intraclass correlations of 0.117 (schools) and 0.089 (countries). The intercept has an OR = 0.14 and differs significantly from zero [CI: 0.11; 0.18]. In a logistic regression model with a binary outcome this term has to be understood as the chance in case of y = 0 (nonproblematic user) to change the category into y = 1 (problematic user). It equals the prevalence of being a problematic user in the sample.
The random intercept model with the covariates 'age', 'native born' and 'male' (model 2) reduces the variance of the dependent variable to 0.24 between schools and 0.27 between countries but the intercept still varies significantly between countries (τ β ). As expected, 'age' has a positive significant impact on the probability to be a problematic alcohol user (OR = 2.04 [CI: 1.20; 2.07]), namely being older increases the risk of being a problematic alcohol user. Also, being native born (OR = 1.32 [CI: 1.28; 1.36]) and being male (OR = 1.42 [CI: 1.37; 1.47]) are significant risk factors.
Because of a significant Likelihood Ratio test (Χ 2 (3) = 2354.992, P < 0.001), the modeling procedure is continued by adding the structural predictor in an intercept-as-outcome model (model 3). The higher the proportion of students within a country who use alcohol problematically, the higher the individual risk to be a problematic user (OR = 1.05 [CI: 1.02; 1.08]) as was assumed for the 'contagion variable'.
The proportion of explained variance, relative to each total variance, is 20% in model 1 ((0.48 + 0.37)/4.14), 13.4% in model 2 ((0.24 + 0.27)/3.8) and 9% in model 3 ((0.24 + 0.08)/3.61). The MOR for the country level is 1.31, and the MOR for the school level is 1.59, showing that belonging to different schools is more important for the individual propensity to be a problematic alcohol user than belonging to different countries.
Regarding the IOR the interval is quite large with boundaries of IOR lower = 0.63 and IOR upper = 1.76. The included value 1 indicates that the effect of the country characteristic is not that strong when compared with the remaining residual variance on country level (Merlo et al., 2006) .
DISCUSSION
The aim of this study was to explore the effect of social norms on the country level regarding the problematic alcohol use of European adolescents while considering the collectivity of drinking cultures theory and the concept of behavioral contagion. Multilevel analysis as a statistical option to test social contagion effects regarding individual behavior was applied. Multilevel analyses validated the effects of the individual risk factors of being older, being native born and being male on becoming a problematic alcohol user. Regarding the aggregated country level predictor 'proportion of problematic alcohol user per country', the effect of behavioral contagion could be confirmed, meaning that a higher prevalence rate of problematic alcohol using adolescents in a country increases the individual risk to be a problematic alcohol user in addition to the individual level risk factors. In other words, the idea that a health risk behavior like problematic alcohol use is contagious was corroborated (Brunborg et al., 2014) . This is in line with Skog's theory about the collectivity of drinking cultures (Skog, 1985 (Skog, , 2001 ). But still, longitudinal studies are needed to validate the causal relationship of social contagiousness. A more detailed picture of the effects of an alcohol-affine context's impact on individual risk can only be drawn when individual data that is assessed later can be explained by aggregated variables from a former data assessment (Blalock, 1984) .
However, to avoid hasty conclusions, alternative interpretations should be kept in mind. For example, the polarization theory (Hallgren et al., 2012) might offer another explanation about the relationship between heavy drinking within social groups and by individual people. The polarization theory says that while the majority of adolescent drinkers reduce their alcohol consumption, a subgroup may increase their drinking substantially during the same time.
A major criticism may be that the results seem tautological: because the individual probability to be a problematic alcohol user is used as information on the higher level in an aggregated way and both pieces of information are highly correlated (because of a partial self-correlation from the aggregated predictor and the individual score). Nevertheless, authors like Blalock (1984) have stressed the fact that these macrolevel variables comprise even more information than individual-level information, that is, more than simply summarizing individual-level data. As a consequence, the effects on the macrolevel might differ from those on the individual level even when the same variables are used (Blalock, 1984) .
Even though the AAA-prevent dataset offers the possibility to analyze adolescent alcohol use across cultures, several problems remain. First, it would be advisable to use a continuous or a 'real' binary outcome instead of an aggregated dependent variable. This study's outcome of 'problematic adolescent alcohol use' is derived carefully by multivariate cluster analyses and thus, outlines a complex behavior that has been 'dumbed-down' Bräker and Soellner, 2016) .The stepwise compression of selfreported alcohol use to five distinct use patterns and a dichotomous variable to assess 'problematic alcohol use' might have been too drastic. This is especially important given the disagreement concerning the concept of 'binge drinking' or 'heavy episodic use' (Gmel et al., 2003) .
Second, alcohol use assessment was not the prior focus of the ISRD-2 data collection and so the alcohol related variables lack some details, for example, it is not possible to differentiate between wine, beer and breezers as types of beverages because they were assessed as one category in the ISRD-2 questionnaire. The lack of data representativity reduces the generalizability of this study's conclusions, too (Marshall and Enzmann, 2012) .
From a methodological point of view, there is another important remark to consider when interpreting this study's results. Usually, we control for the main effect when we include aggregated individual level 'predictors' and subsequently differentiate between compositional as well as real contextual effects (Duncan et al., 1998) . But how can we do so if we include aggregated 'dependent variables' and want to differentiate between the composition and context effect? Future research should focus on solving these problems. Multicollinearity of predictors and the question of homogeneity within as well as between contexts are aspects that also need to be considered (Hox, 2010) . Regarding practical relevance, this study's effect calls for focusing on lower instead of higher levels of prevention. While the focus of this study was on supra-regional social norms concerning adolescent alcohol use, which are assumed to reflect adult drinking etiquette even more than peer norms in school (Bendtsen et al., 2014) , the 'proportion of problematic alcohol users per school' was not included as a structural indicator. This was done to keep the analyses as clear as possible but should be respected in future studies given that these findings lack practical significance. Furthermore, transferring the contagion effect to a psychological field bears some shortcomings because, until now, the topic of contagions has mostly been studied in medical research in the context of physical infections. However, the idea of contagiousness of psychological phenomena (behavior, emotions) is obvious and should be validated by future studies.
The question of what causes the effects still remains unanswered: Does the individual behavior changes before the context or does the context change before individuals change their behavior? Lastly, not all individuals are equally sensitive to the contextual influence-this should also be recognized (Blalock, 1984) . Social norms in terms of prevalence rates seem to influence individual behavior but to assess the effect correctly the individual perception of social norms needs to be included on the individual level as well.
Notwithstanding these limitations, this study offers insight into behavioral contagion by applying multilevel analyses. Following Blalock (1984) , the omission of aggregated dependent variables from explanatory models would be a great mistake.
Overall, for prevention efforts it can be concluded that adolescents, who live in an environment where problematic alcohol use is a common behavior, are at higher risk to develop such a behavior themselves. Thus, preventive efforts should still focus on individual, selective but also on universal approaches to prevent, delay or reduce problematic alcohol use in adolescents. Environmental prevention like taxation, regulations of promotion, sales or purchasing aiming at a reduction of alcohol consumption in general are assumed to be effective according to this study's results (cf. Elder et al., 2010; Jernigan, 2010) . Those prevention efforts might be assessed in the future regarding their effectiveness using multilevel analyses.
In addition, the group factors that ease the development of problematic alcohol drinking habits need to be studied further to use them for designing effective prevention efforts. For example, if it is common in a community to organize so-called 'flatrate parties' for adolescents where as many alcoholic beverages can be consumed after paying once, the risk to engage in problematic alcohol use might be even higher than in communities where such parties are not allowed and youth protection prevails.
In sum, this study focused on the influence of social drinking norms on adolescent alcohol use behavior to study the collectivity of drinking cultures theory as well as the effect of behavioral contagion. By applying multilevel analysis, a method to examine social contagion effects regarding health risk behavior was introduced, which opens a possibility to assess environmental prevention efforts by modeling the impact of individual and environmental prevention efforts on individual behavior simultaneously.
